ABSTRACT. Laparoscopic cholecystectomy (LC) is widely accepted as the standard treatment for benign gall bladder diseases in humans because it has proven to be less invasive and safer than are traditional methods. However, the efficacy of LC in dogs remains unclear. The present study aimed to examine the short-term outcome of LC for benign gall bladder diseases in dogs. We enrolled 76 consecutive dogs that underwent LC for benign gall bladder diseases at our hospital between April 2008 and October 2016. Dogs with jaundice, gall bladder ruptures, abdominal effusion, or extrahepatic biliary obstruction were not excluded from the indication. Factors including age, body weight, sex, clinical sign, disease, operative time, conversion to open surgery, perioperative complications, and postoperative hospital stay were investigated. The median age of the dogs was 11 years, and the median body weight was 5.4 kg. Fifty percent of the dogs exhibited no symptoms at the initial visit. Preoperative elevation of total bilirubin levels was observed in 16 dogs (21%). LC was successfully completed in 71 dogs (93%); the median operative time was 124 min. Although gall bladder ruptures were observed in 2 (2.6%) dogs, the operations were completed successfully. Three dogs (4.1%) had to be converted to open cholecystectomy and 2 (2.6%) underwent reoperation. Two dogs (2.6%) died intraoperatively and 2 (2.6%) died postoperatively. LC was a feasible, safe, and appropriate procedure considering the current operative indications for benign gall bladder diseases in dogs.
Benign gall bladder diseases, such as gall bladder mucocele, cholecystitis, and cholelithiasis, are common in dogs. A standard treatment for benign gall bladder diseases in dogs is open cholecystectomy. In contrast, laparoscopic cholecystectomy has been widely accepted as the standard treatment in humans because it has proven to be both less invasive and safer than are traditional methods [4, 9, 15] .
In dogs, laparoscopic surgery has recently become widely used, and is highly regarded over open surgery because of its reduced invasiveness [3, 5, 7, 13] . Furthermore, the advent of magnification during operations has led to increased anatomical understanding. Therefore, laparoscopic surgery in dogs could possibly become an even more effective treatment for benign gall bladder diseases and other conditions. Although some reports have described laparoscopic cholecystectomy in dogs [12, 17] , its efficacy remains unclear because of the small number of cases reported in previous studies. Moreover, the indications for laparoscopic cholecystectomy were rigorously limited.
We began to perform laparoscopic cholecystectomy for benign gall bladder diseases in dogs in 2008. Since then, we have accumulated experience in many cases. The present study aimed to examine the short-term outcome of laparoscopic cholecystectomy for benign gall bladder diseases in dogs.
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MATERIALS AND METHODS
Dogs that underwent laparoscopic cholecystectomy for benign gall bladder diseases consecutively at Kanai Veterinary Surgery between April 2008 and October 2016 were enrolled in the present study. We obtained informed consent from all the owners of the dogs before conducting the operation. Benign gall bladder diseases, such as gall bladder mucocele, cholecystitis, and cholelithiasis, were defined as indications. We preoperatively diagnosed each disease by using abdominal ultrasonography, and then confirmed the diagnoses by using pathological examinations of resected specimens, culture tests, and calculus analyses. Dogs with jaundice, evidence of gall bladder rupture, abdominal effusion, or extrahepatic biliary obstruction were not excluded from the indication of laparoscopic cholecystectomy in the present study. Complete blood counts, serum biochemistry analyses including γ-glutamyltransferase level, ultrasonography, and thoracic radiography were routinely performed in all dogs prior to operation. Computed tomography was not performed routinely and was used depending on the condition of each dog.
The method of laparoscopic cholecystectomy was as follows. Under general anesthesia, the dogs were positioned in dorsal recumbency. Laparoscopic cholecystectomy was performed using a 4-trocar technique. The trocar placement used in our procedure has been shown in Fig. 1 . Abdominal access was obtained using the Hasson technique, and a 10-mm blunt trocar was inserted into the abdomen. The abdomen was insufflated with CO 2 to a maximum of 8-12 mmHg by using a regulatory mechanical insufflator. Three other trocars were inserted under laparoscopic guidance. The first trocar (12 mm) was placed in the left cranial quadrant, the second (5 mm) in the right cranial quadrant, and the third (5 mm) in the right middle portion of the abdomen. A 30° laparoscope (KARL STORZ SE & Co. KG, Tuttlingen, Germany) was used. We initially used an electric scalpel. However, recently we have started routinely using an ultrasonic incision device for dissecting the gall bladder from the fossa. The cystic duct was ligated using 10-mm metallic clips in the initial 36 cases and a 3-0 VICRYL ® suture (Ethicon, Inc., Somerville, NJ, U.S.A.) or a combination of these methods in the subsequent cases. We usually used atraumatic forceps. However, we sometimes encountered cases in which we could not grasp the gall bladder wall (this occurred in dogs with both mucocele and cholecystitis). Simultaneously, we achieved an appropriate operative view by pushing up the gall bladder by using either forceps or surgical sponge and gauze grasped with forceps.
Conventional procedure
Between 2008 and 2012, we elevated the gall bladder by using grasp forceps through the right middle trocar, and visualized Calot's triangle (Fig. 2) . We always dissected and transected the cystic duct prior to dissecting the gall bladder free from the hepatic fossa. Subsequently, we performed a retrograde dissection of the gall bladder.
Current procedure
Since 2012, we have been dissecting and securing the cystic duct after visualizing Calot's triangle, but we do not transect it at this point. We dissected the gall bladder from the hepatic fossa prior to transection of the cystic duct anterogradely. Subsequently, we ligated the cystic duct and transected it using laparoscopic Metzenbaum scissors (Fig. 3) . In the case of a high probability of common bile duct injury or bleeding from the liver resulting from the dissection of the cystic duct, we dissected the gall bladder from the hepatic fossa initially without attempting to do so by force.
Intraoperative cholangiography
We have been performing intraoperative cholangiography to confirm the status of the common bile duct as a routine procedure since 2008. After transecting the cystic duct, a catheter was inserted through the stump of the cystic duct into the common bile duct (Fig. 4) . A 4-to 7-Fr feeding tube (Atom Medical Corp., Saitama, Japan), whose tip was blunt, was used as a catheter. Approximately 3 to 5 ml of iodixanol was injected slowly. However, we did not perform it in cases that had little chance of the gall bladder content being obstructed by debris and sludge in the common bile duct. After confirming the patency of the common bile duct, we removed the catheter and ligated the cystic duct. Liver biopsy was performed in most of the dogs. The gall bladder was retrieved through the subumbilical port site incision. In some dogs, a 19-Fr drain tube was placed around the liver fossa and extracted after confirming the condition of drainage.
One experienced veterinarian performed laparoscopic cholecystectomy in all dogs. Characteristic indices (age, body weight, sex, breed, clinical sign, and disease) and operative indices (intraoperative finding, operative time, conversion to open surgery, drain placement, perioperative complications, and postoperative hospital stay) were investigated. A grade 3 or higher operative complication, in accordance with the Clavien-Dindo classification, was defined as an operative complication in the present study [8] . Death within 1 week of the operation was defined as perioperative death. Data were retrieved from the medical records of all dogs.
RESULTS
In total, 76 dogs were analyzed consecutively in the present study. Table 1 shows the breeds of the 76 dogs that underwent laparoscopic cholecystectomy. Miniature Dachshunds outnumbered the other dog breeds. The characteristics are summarized in Table 2 . The median age of the dogs was 11 years (range: 1-16 years), and the median body weight was 5.4 kg (range: 1.2-41.7). There were 34 male and 41 female dogs (sex was not listed for 1 dog). Table 3 shows the clinical symptoms of all the dogs; 50% of the dogs showed no symptoms at their first hospital visit. Table 4 shows the perioperative outcomes of the dogs that underwent laparoscopic cholecystectomy. Laparoscopic cholecystectomy was successfully completed in 71 dogs (93%). The median operative time was 124 min (range: 55-210 min.), except for 5 dogs (3 of these had to be converted to open surgery and the other 2 died intraoperatively). The median operative time for the last 20 dogs in the present study was 112.5 min. Combined surgery was performed in 7 dogs (9.2%). We performed ovariohysterectomy in 3 dogs, hepatectomy in 2, cystotomy in 1, and fenestration of a liver cyst in 1. Preoperative elevation of total bilirubin concentration was observed in 16 dogs (21%). Intraoperative abdominal effusion was observed in 2 dogs (2.6%). We encountered gall bladder ruptures in 18 dogs (24%); the gall bladder was already ruptured in 2 dogs (2.6%), and it ruptured during surgery in 16 (21%). However, we successfully completed the operation after suctioning the contents of the gall bladder and irrigating the abdominal cavities in these dogs. A drain tube was placed in 19 dogs (25%). Cholangiography was performed to confirm the patency of the common bile duct in 57 dogs (75%). Three dogs (4.1%) had to be converted to open cholecystectomy, in addition to the 2 dogs that died intraoperatively (Table 5 ). This was due to difficulty in maintaining respiratory conditions under pneumoperitoneum in 1 dog and severe intraabdominal adhesion in 2. The median postoperative hospital stay was 3 days (range: 1-23 days). Table 6 shows that intraoperative death occurred in 2 dogs. One dog died because of acute circulatory failure and the other because of an injury to the diaphragm caused by the electric scalpel. Two dogs also died within 1 week of the operation. One dog died because of liver dysfunction 5 days after the operation. The other dog died because of sudden acute heart failure 2 days after the operation. Two dogs underwent reoperation because of bile peritonitis caused by an injury to the remnant cystic duct. One dog underwent reoperation 3 days after the initial operation and the other underwent reoperation 4 days after the initial operation. Neither of these dogs had any intraoperative complications during the initial operation. These dogs recovered without further complications and were discharged from the hospital. 
DISCUSSION
This study investigated the feasibility of laparoscopic cholecystectomy for benign gall bladder diseases in dogs. We showed that laparoscopic cholecystectomy could be completed safely and could have similar advantages in dogs as in humans, such as lowered invasiveness and good cosmetic outcome. Therefore, it may be used as a standard therapy in most cases of canine benign gall bladder diseases. Previous studies have shown that laparoscopic surgery is one of the most effective treatments for various diseases in dogs [3, 5, 7, 13] . Laparoscopic surgery for female sterilization has already been widely accepted. However, only a few reports regarding laparoscopic cholecystectomy in dogs have been published to date [12, 17] . The reasons for this are as follows. First, previous studies have shown that a gall bladder disease, in particular, a gall bladder mucocele or acute cholecystitis, has a high mortality rate because of a high incidence of ruptures and bile peritonitis during operations [2, 6, 11, 14, 16, 20] . Second, advanced skills are required to perform laparoscopic cholecystectomy because of the anatomical variations in the connection between the cystic duct and common bile duct; moreover, adhesion between the gall bladder and liver fossa is frequently observed. Further, the gall bladder in the case of mucocele and cholecystitis is often swollen, which worsens the visualization of the operative field. In addition, the gall bladder wall is fragile, and thus, likely to rupture in the case of gall bladder mucocele and acute cholecystitis. Inserting a catheter through the remnant of the cystic duct is also difficult because of cholangiography being performed in cases of a suspected obstruction of the common bile duct.
Mayhew et al. reported excellent results of laparoscopic cholecystectomy for gall bladder mucocele in 6 dogs [12] . It was reported that 2 cases with clinical sign of biliary tract rupture were had to be converted to open cholecystectomy in an early stage of the operation. The rate of conversion to open surgery was 25% in their study. Scott et al. successfully performed laparoscopic cholecystectomy for uncomplicated gall bladder diseases in 20 dogs. Although 30% of the dogs that underwent cholecystectomy had to be converted to open cholecystectomy, 95% of the dogs were discharged without reoperation [17] . In these studies, dogs that exhibited abdominal effusion, evidence of gall bladder rupture, persistent elevation of total serum bilirubin concentration, and extrahepatic biliary obstruction on ultrasonography were excluded. These studies concluded that laparoscopic cholecystectomy can be performed successfully in dogs after careful case selection, and may be used as a standard treatment for uncomplicated gall bladder diseases. However, because each of these studies had a small sample size and considered a strictly limited indication for laparoscopic cholecystectomy, the usefulness of laparoscopic cholecystectomy in dogs remained unknown.
We have performed laparoscopic cholecystectomy in all dogs with benign gall bladder diseases since 2008. Our case series included dogs with severe conditions, such as gall bladder rupture, abdominal effusion, or elevation of total serum bilirubin concentration. Therefore, we speculate that the results of the present study reflect the clinical results of laparoscopic cholecystectomy for benign gall bladder diseases more accurately than do those of the previous studies. In our study, the median operative time was 124 min, the conversion rate was 4.1%, and operation-related mortality rate was 5.3%. Regarding the operative time, the median operative time was longer than that reported in previous studies. The reasons for this are as follows. First, our study comprised various cases, ranging from those with no symptoms to those with severe conditions. Particularly difficult cases, as expected, affected the median operative time. Second, we routinely performed a cholangiography, which might also have had an influence on the operative time. Finally, we speculate that the learning curve of this procedure prolonged the operative time. A steep learning curve has previously been reported for some laparoscopic surgeries [10, 13, 18, 19] . Several reports have shown that experience and standardization lead to good outcomes, including the shortening of the operative time and improvement of perioperative outcomes. Nonetheless, the median operative time for the last 20 dogs in the present study was satisfactory. In contrast, we obtained satisfactory results regarding both the conversion rate and perioperative complications. We speculate there might be three reasons for this. First, it seems highly possible that the patients' characteristics resulted in the improvement of the perioperative outcomes. Previous studies have reported that a strict indication for laparoscopic cholecystectomy leads to good results [12, 17] . However, we obtained excellent results even though we also performed laparoscopic cholecystectomy in dogs with severe conditions. Some reports have shown that dogs with gall bladder mucocele that undergo the operation early have a much better prognosis than do those who do not, because the rate of ruptures is high during the late stages of gall bladder mucocele [1, 16] . From the perspective of laparoscopic surgery, it is more difficult to perform laparoscopic cholecystectomy for a swollen gall bladder, which is often observed at the late stage of gall bladder mucocele and cholecystitis, than for a normal gall bladder, because maintaining an appropriate operative view is difficult [12, 17] .
We recommended the operation to the owners if their dogs were highly suspected of having gall bladder diseases, such as gall bladder mucocele and cholecystitis, on the basis of imaging, physical, and blood examination results, even if their clinical signs were minor. Further, for dogs that were incidentally diagnosed with benign gall bladder diseases during a medical checkup or observation for other diseases, we recommended the operation to owners if the imaging or blood examination findings of their dogs were exacerbated after waiting, even if they had no clinical symptoms. This indication may result in excellent perioperative results even though we included uncomplicated cases that were excluded in previous studies. Second, the improvement in the procedure led to excellent results. We believe it is extremely difficult to secure the cystic duct first and perform a retrograde dissection from the hepatic fossa, which is similar to the procedure followed for humans, because of the differences in working space and anatomy between dogs and humans. Scott et al. reported that 25% of cases required conversion to open cholecystectomy even if a strict indication for laparoscopic cholecystectomy was established and experienced veterinarians performed the surgery [17] . This implies that the procedure needs advanced laparoscopic skills and that preoperative diagnoses are quite difficult. In addition, this suggests the need for a special procedure for treating gall bladder diseases in dogs.
Therefore, we started the anterograde laparoscopic cholecystectomy before transecting the cystic duct. Under this procedure, we were able to prevent the misidentification of the cystic duct and injury to the common bile duct and liver. Advanced skills were required when securing the cystic duct in uncomplicated cases owing to an insufficient intraoperative view because of the swelling of the gall bladder caused by the gall bladder mucocele and cholecystitis, resulting in uncontrolled bleeding and injury to the common bile duct. Scott et al. reported that the cases in which the cystic duct could not be secured at the beginning of the operation were converted to open cholecystectomy [17] . We have certainly been able to improve the performance of dissecting the cystic duct by using this procedure. This may have decreased the number of dogs that had to be converted to open cholecystectomy. In addition, we routinely performed a dissection of the layer of subserous tissue of the gall bladder wall. This technique also helped control bleeding from the hepatic fossa during dissections. Table 5 shows the summary of cases of conversion to open cholecystectomy. Three dogs had to be converted to open cholecystectomy. The reason for conversion was severe intraabdominal adhesion in 2 dogs and insufficient ventilatory impairment related to hyperadrenocorticism under pneumoperitoneum in 1. We did not continue performing laparoscopic cholecystectomy because we were unable to obtain an appropriate operative view in each of these dogs. However, we believe that it might be possible to perform laparoscopic cholecystectomy if an appropriate operative view is obtained under pneumoperitoneum. Table 6 shows the summary of 2 cases of intraoperative deaths. One dog died because of acute circulation failure, and the other because of injury to the diaphragm. In the former case, the death could mainly have been caused by the patient's overall poor condition. In the latter case, the death was caused by a technical complication. We speculate that this complication occurred because of the mishandling of an electric scalpel in a narrow space. On the basis of this experience, we have started using an ultrasonic incision coagulating device instead of an electric scalpel, and have thereafter had no similar complications to date. The intraoperative death occurred in each case at the time of initiation of laparoscopic cholecystectomy. We have not observed intraoperative death in the later cases included in this series.
This study has some limitations. This was a retrospective study, and the information was retrieved from medical records. Further, all the data used in the present study were retrieved from the operations performed by one veterinarian in one hospital, which therefore, resulted in a lack of diversity. In the future, we intend to analyze and compare further studies on open cholecystectomy.
In summary, we report the short-term results of laparoscopic cholecystectomy for benign gall bladder diseases in dogs. It is a feasible, safe, and appropriate procedure considering the operative indications.
